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ABSTRACT

The report describes the one-dimensional Lagrangian hydrodynamics computer
program, PUFF. The code is used primarily in the study of X-ray effects.
In the past year it has been extensively revised and is now quite different
from. versions used outside the Air Force Weapons Laboratory. The maJor cal-
culations in each subroutine are explained with a comrleto description of all
4 nput-•utput variables. Samole problems with the appropriate data deck are
Included to alow a user to become familiar with data aurangement and to c k

the program on his computer.
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SECTION I

INTRODUCTION

The purpose of this report is to provide users of the PUFF code with an

explanation of the latest version of the program. Several saple problems are

included so that the user may become familiar with data input procedures and,

at the same time, calibrate the progra& for his machine. The sample problems

were designed to demonstrate a variety of input conditions and should be ex-

amined only in that context.

F*JFF is a one-dimensional Lagrangian hydrodynamics program used primarily

in the study of X-ray effects. The code uses finite difference methods to

solve the equations of hydrodynamics using slab geometry and assuming one-

dimensional flow through a 1-centimeter-square pipe (reference 1). One may

follow a pressure pulse which is propagated through a sample consisting of up

to six separate materials. A grid or mesh is superimposed on the materials in

the sample. The grid areas are called zones and the grid lines are called zone

boundaries. The mesh is numbered, increasing from left to right. The pressure

pulse normally starts from the left and progresses through the mesh to the

right. When we speak of the front of the mesh, we are referring to the larger

zone numbers. When we speak of the back of the mesh, we are referring to the

smaller zone numbers.

The index J is consistently used in the code to denote zone numbers.

The materials in the sample are numberrl :'onsecutively from left to right.

The index M is used when a material number is needed.

The original PUFF was a derivative of a Livermore code (reference 2).

Extensive work on PUFF was done at the Air Force Weapons Laboratory and ad-

ditional work was done under contract by McAllister and Associates, Inc.

During this development the code became quite large for its degree of sophis-

tication. Many options as to types of problems run were incorporated and an

extremely complicated and tire-consuming edit routine was developed. Since

this development took place over a span of several years, many different

I
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people made separate changes and no concentrated effort was made to delete

options that were no loeawr used. This made the program almost impossible to

use for one not intimately familiar with it.

in January of 1964 it was decided to make a version which would retain

the essential elements of PVFF but eliminate all options which were not

currently in use; and also to make the input-output as straightforward as

possible. The monitor subroutine was eliminated and the edit routine was

simplified by using the Dremise that it is more efficient to dump large amounts

of required output on binary tape for later edit and plotting and to print only

essential data during problem rin time.

Since the code was designed to be driven by one of two dissimilar methods,

flyer plate (plate slap) and energy deposition, it was decided that a con-

siderable amount of computer time could be saved if the two options were

handled in separate codes. The energy deposition code is now called PUFF and

the plate slap code is called P PUFF. A great simplification in FORTRAN cod-

ing resulted from this division as well as a reduction in core space and

computer time required. During this revision cgs units were incorporated and

the equation of state was completely divorced from the hydro loop.

The present code consists of a main program where the hydrodynamics is

accomplished and from which the other subroutines are called as needed. Eacý

routine has been extensively rewritten and simplified with the exception of

rezone where only minor corrections have been made.

PUFF and P PUFF are essentially the same except for the generator sub-

routines. The section dealing with the generator subroutine points out the

major differences between the program.
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SECTION II

MAIN PROGRAM

Variables and countz.rz used onwly In the main priu-"xn nre initializeu

there instead of in the generator subroutine. Except for local variables

being initialized, all calculations in the main program are contained in tne

time or cycle loop. The time loop begins with the main hydro loop. This

loop starts with the first zone, advances in time all quantities associated

with that zone, and proceeds with each zone in sequence until all zones have

been advanced to the new time. After the hydro loop is completed, numerous

checks are made to determine if the problem is complete, if a rezone is

possible, or if one of the edit options is desired. If the problem is not

complete, a new timne step is calculated, the cycle counter N is advanced

by 1, and a new cycle is started.

The velocity U, the ordinate of the zone boundary X, the specific

volume V, and the artificial vLzcsity Q are computed in a standard

Lagrangian manner. The pressure P, energy E, and sound speed CS are cal-

culated by use of an interpolation method using values returned from an equation-

of-state subrountine. This method was developed at the Air Force Weapons

L.boratory and eliminates the requirement that the equation of state be in an

analytic form.

A tentative time step is computed using the Courant condition modified for

the use of artificial viscosity. The actual time step used is the minimum of

the tentative time step, 120 percent of the old time step, or 1 one-I.i:ndredth

of the energy deposit time.

The Lagrangian edit records the time-pressure history of the first zone

in the material to the immediate right (downstream) of the chosen zone boundary.

This edit is accomplished in the main program since it is exercised every cycle.

The zone designated as a JýIIT is not allowed to collapse in rezone. Ex-

perience has shown it best not to designate consecutive zones as JEDITS unless

one is very careful with the initial zone size.
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SECTION III

GENEATOR

1. Introduction

The generator subroutine is called at the start of a problem to read all

input data and initialize quantities needed in the problem. It is arranged

in independent segments which are executed sequentially. All input values

are printed out as a check of the data arrangement and for future reference.

The zoning for both PJFF and P PUFF is computed using a sequence of geo-

metric progressions. This is accomplished using two sets of variables RZ

and NZ. The RZs are the common ratios and the NZs are the zone indexes

which terminate each progression.

The only essential difference in the generators of PUFF and P PUFF is

that PUFF determines an energy deposit rate SS while P PUFF sets a velocity

profile. These items are discussed below.

2. Energy Deposition (PUFF)

The absorption coefficients are computed using the formula

B
S= p-AA'(hv)

The values of AA and B arz input numbers referenced to 1 key that change

with material and absorption edges.

One may use the energy spectrum obtained fron a multiple black body source

or may input an arbitriry spectrum. The arbitrary spectrum may be described

by as many as 109 values of energy and corresponding h'v intervals. PUFF

now uses 109 values of h'v/KT in the black body calculations instead of the

100 used in previous versions. This change was made to improve the high energy

section of the curve. An energy deposit rate, SS, is computed for each zone

using the above values in the standard exponential absorption formula.

3. Plate Slap (P PUFF)

P PUFF is designed to simulate the reactions caused by hitting a stationary

plate with a piece of material (the flyer plate) moving at a given velocity
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upon impact. The starting conditions for the problem simulate those at the

instant of impact.

The velocity of each zone in the flyer plate, excluding the last, is set

equal to the input variable UZEiO. Provision is made to smear the velocity

drop, from UZERO to ZERO, over five zones. The velocity of the first zone in

the target is set at an input fraction (UFACE) of the flyer velocity. UFACE

is used to match the acoustical impedances of the flyer plate and the target.
ZFp

It may be computed from UFACE = ZFP , where Z : P0 * sound speed.
ZFP ZT0

The velocity in the last zone of the flyer plate is the average of the flyer

plate velocity and the velocity of the first zone in the target. The velocity

of the second zone in the target is one-half that of the first. A print of the

calculated velocity profile is given.
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SECTION IV

REZONE

1. Introduction

At its best, rezone will introduce small perturbations in the solution.

At its worst, rezone can cowpletely destroy a problem. It is hoped that with

judicious use the errors introduced will not affect the result by more than a

few percent. The computer time saved is substantial.

The rezone routine was designed for a single pulse moving through a mesh

having initial zone size increasing with zonal index. Since available com-

puter time limits a problem to a few hundred zones, rezone tries to distribute

the zones where they are most needed. The routine attempts to keep the resolu-

tion under the pulse constant by reducing zone size as the pressure peak

approaches. Certain sections of the mesh are relatively inactive and will

allow larger zone sizes. The collapse routine will combine two neighboring

zones into one if certain conditions are met. The dividing and combining of

zones is done in the divide and collapse routines respectively.

ist zone lst zone 3rd zone zone of 20th
in mesh left of t'j left max zone
expanded max pres- of max pressure in front
less than sure hay- pressure of zone
20% ing less of max

than 2/110)th pressure
miax pressure

Figure 1. Rezone Regions
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2. Divide Routine

The divide routine operates on twenty zones immediately in front of the

zone of maximum pressure (region A, figure 1). To determine an appropriate

size for a test zone, the positive momentum of the main pulse and the maximum

pressure are used to construpt a theoretical triangular pulse which is assumed

to be moving with velocity equal to the sound speed of the zone of maximum

pressure. The pulse length of this theoretical triangular pulse is found and

divided by an input number, ZPUL. This distance is used as the "optimum"

zone size in the region. Any zone larger than this check size is divided in

half. The divided zone is then checked to see if it should be redivided.

3. Collapse Routine

The collapse routine combines adjoining zones in regions B and C in

figure 1. Region B is assumed to be more active than C. Region B extends

from three zones to the left of the zone having maximum pressure to the first

zone to the left having a pressure less than two-tenths maximum pressure.

Region C begins at the left boundary of B and extends to the first zone

in the mesh which is expanded less than 20 percent, or to the first zone if no

zone is expanded 20 percent. In region B the optimum zone size computed in

the divide routine is multiplied by one-half the relative volume (p o/p) of

the zone of maximum pressure and this quantity is used for the optimum zone

size in the region. Each zone in the region smaller than this check size is

combined with an adjoining one. Region C uses a rather arbitrarily determined

length for its zone size check. The length of the region is divided by the

input variable JRZL and used as the optimum zone size. Each zone in the region

smaller than this check size is combined with an adjoining zone. Zones desig-

nated as material boundaries or JEDITS are not collapsed, The collapse routine

is presently entered only once every 100 cycles.

4. Comments

If one is interested in the back part of the mesh (reflected shocks, etc.)

at later times, JRZL should be increased to something like 100a A JRZL of 20

will allow very large zones at late times which will effectively damp pulse

movement. A ZPUL of 40 is adequate for most problems.
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The divide routine may be bypassed in a problem by initializing ZPUJL

to zero. The collapse routine may be bypassed in a problem by initializing

JRZL to zero.
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SECTION V

!Z IT

1. Introduction

Elaborate edit routines usually consume a sizable percentage of the

computer time used by a problem. This fact leads to a conflict between ob-

taining sufficient edits to ensure adequate knowledge at all points of interest

in the problem and the computer time that is available for the problem. Compli-

cated edit routines also prove difficult in converting from one computer to

another.

The present edit routine is divided into two parts. The first part stores,

at designated intervals during the problem, all zonal variables and other se-

lected variables on binary tape for later processing. The second part of the

routine prints a sufficient number of key variables to enable the user to

determine during run time that the problem is progressing satisfactorily, and,

after problem completion, to determine points where more detailed edits are

wanted. This method has the advantage of using the minimum amount of computer

time while providing the maximum amount of available data. It has the dis-

advantage of requiring the user to wait longer for the final edits and plots.

The Air Force Weapons Laboratory uses the Cal Comp automatic plotter for

most PUFF data presentation. The most commonly used plot program simply plots

the pressure versus distance for a given time, although more complicated

programs exist.

2. Output VariableE

All variables printed in the edit routine are defined below.

N Cycle number.

TIME Present problem time.

DTNH Present time step.

JSTAR Zone number of the last zone in the mesh (from

left to right) that has a velocity greater than

10-3 cm/sec.
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PKU The maximum pressure contained in the mesh.

XJPMAX Coordinate of the zone boundary of the zone

having maximum pressure.

JPMAX Zone number of the zone having the maximum

pressure present in the mesh.

MVPULSE Sum of the momentum of each zone from

JPMAX+3 back to the first zone which as a

negative velocity.

MVPREC Sum of the momentum of each zone from

JPMAX+4 out to JSTAR+I.

MOMENTUM Sum of MVULSE and MVPREC. This expression

is computed by averaging the zone mass of

two adJcIning zones and using the velocity

of the boundary between.

DTPP Pulse width computed using the expression

EMVPP/PMAX.

DTPULS Pulse width computed using the expression
E4VPL/PMAX.

ETOTAL Total energy of the problem, computed by

summing the kinetic and internal energy

for each zone. The units are calories.

EMVNEG Total negative momentum in the mesh.

This expression is computed by averaging the

velocities of two adjacent zone boundaries

and using the zone mass of the zone between.

EMVPOS Total positive momentum in the mesh. This

expression is computed by averaging the

velocities of two adjacent zone boundaries

a-d using t.e zone mass of the zone bet1ween.

L-BOUND Coordinate of the left material boundary
(x(l)).
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X(JBNDl) Coordinate of the boundary between the first

and second material. It will be zero for one-

material problems.

X(JBND2) Coordinate of the boundary between the second

and third material. It will be zero for two-

material problems.

R-BOUND Coordinate of the right material boundary.

JFIN Zone number of the last zone in the problem.

ii
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SECTION VI

EQUATION OF STATE

1. Introduction

PUFF can now use any equation-of-state subroutine that will return a

pressure when presented an energy, density, and material index.

The present equation of state is probably the greatest source of error

in PUFF other than rezone. The pressure is computed using one of two functional

equations: one for solid regions and one for vapor regions. If the zone is

compressed relative to ambient conditions, the solid state equation is used.

If the zone is expanded relative to ambient conditions, the vapor state equa-

tion is used.

2. Solid Phase

The solid phase equation is based on the Mie-Gr(aneisen equation of state

(reference 3). This equation appears in PUFF as

P = Cu + DU2 + SJ3 + GpE

dhere w is p/po-l, G is the Grineisen parameter and E is energy density.

C is determined by the product of ambient density and the weak wave velocity

squared. Each of the Hugoniot pressures is multiplied by the expression

(1 -_ ) and these points are least squares fit for D and S using C as2

a known parameter.

3. Vapor Phase

The vapor equation of state is a fit to the Thomas-Fermi-Dirac model in

conjunction with a modified y-law gas equation of state (reference b).

The equation appears in PUFF as

P-- n[H * (G-H)n [E-E_{1-ex-(l- i)-(. Ln n

12
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where n is ,/O0 I H is (y-l) effective for small n's, Es is the

sublimation energy, and N is determined from the expression

CN G(E~oo0

C, G, and E are defined above.

It is easy to show that the vapor and solid equations have a common limit

of GpE as the limits n-l- and n*l÷ are taken respectively.

4. Two-Wave Formulation

The most current version of PUFF contains an option for a two-wave

structure in the solid phase equaticn. See figure 2.

P

CUSPI

I

0 CUSPA /1

Figure 2. No-Wave Structure

For P's such that 0 <_u < CUSPA, the pressure is computed by the normal solid

equation. For u's such that CUSPA < p, the pressure is computed using the

expression

F = CUSP1 + CI (p-CUSPA) + D (u-CUSPA) 2  + S(u-CUSPA) 3 E

13
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C1 I DI 9 and S1 are computed in the same manner as C , D , and S after

translating the origin to the point (CUSPA, CUSP1).
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SECTION VII

INPUT VARIABLES

This section gives a workable definition of all input variables used in

both PUFF and P PUFF. Those followed with a number 1 are used only in PUFF,

Those followed with a number 2 are used only in P PUFF. All other variables

are common to both codes.

AA(M,I) (i) Constants used in computing absorption

coefficients. The dimensions are

cm 2/gm. See section on Generator sub-

routine.

ANGLE (1) Angle in degrees of the X-ray path measured

from the normal of the material. A zero

value indicates perpendicular alignment.

B (M,I) (1) Dimensionless constants used in computing

absorption coefficients. 3ee section on

Generator subroutine.

CKP A problem stop parameter. The problem

will terminate when the maximum pressure

reaches this distance in centimeters.

CUSPA(M) 1j'-0--, corresponding to an inflection

point in the Hugoniot data.

C1jSPC(M) Equation-of-state constants used in the
CU SPD (M )CUSPS(M) two-wave solid phase equation. The unitsare dynes/cm 2. See section on Equation

of State.

CUSPG(M) GrUneisen parameter for the two-wave

solid phase equation. It is dimension-

less.

CUSPji(M Value of the pressure in dynes/cm2 cor-

responding to an inflection point in the

Hugoniot data.

15
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DISCPT Description of the problem. Up to 80

permissible Hollerith characters may

be used.

DX Size of the first zone in centimeters.

EE(i.) (1) Total energy in cal/cm 2of each black

bod~y. For problems where ANGLE # 0,

the total energy for each black body

should be multiplied by cos (ANGLE).

EDGE(MI-0L (l) Values of h~v where the absorption

coefficients are discontinuous.

EICI) (1) Energy in cal/cm 2corresponding to

each interval of h-v in an arbitrary

spectrum problem. For problems where

ANGLE # 0, each value of El sho~uld

be multiplied by cos (ANGLE). El is

computed in a black body problem.

EQSTC(M) Equation-of-state constants used in
EQSTD('M) the solid pha~se equation. The units

EQSTS(M)are dynes/cm 2. See section on Equa-

tion of State.

EQSTE(M Sublimation energy of materi.al M in

ergs/gm.

EQSTG(M) Gri~heisen parameter. It is dimension-

less.

EQSTH(M) (y-l) effective for low valu'es of

0/ 00' It is dimensionless.

JBND(M) Zone number of the last zone in

material (M)/. The JBNL of the last

material should be initialized as zero

for the code, i.e., JBND (NMTFRLS)=0.

In a plate slap, if the flyer and target
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are the same material, the

JBND(l) a JFIN2.

JCYCS A problem otop parameter. The problem

will terminate after running this many

cycles.

JEDIT(1) Zone number where Lagrangian edits are

desired.

JFIN Zone number of the last zone in the

problem.

JPZL Arbitrary number of zones desired in

the collapse region of rezone. Should

be 20 to 50 for one-pulse problems, 40

to 100 for two-pulse problems, and 20

to 100 for plate slap problems.

JZPUL Zoning number used in rezone for di-

viding in front of the pulse. A value

of 40 is good for all problems. ZPUL

is set equal to JZPIL.

LOZHIZ (1) Flag used to allow use of rezone in a

two-pulse problem. Set to zero for

one-pulse problers. Set to 1 if the

right pulse is predicted to be dominant

in two-pulse problems.

MATL(M) Material name or description.

NBB (W) Number of black bodies used. Should be

1 for an arbitrary spctrum problem

NHNU (W) Number of matched values of h-v

intervals and energy used in the arbi-

trary spectrum input. If zero, used as

a flag to select black body energy

computation.
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NJEDIT Number of Lagrangian edits selected.

NTR1 LS Number of materials. In a plate slap,

if the flyer and target are of the

same material, then NMTRL$ = 2.

NOE(M) (i) Number of edges (discontinuities in

absorption coefficients) for each

material.

NPRIN Controls the frequency of printed edits.

Edits will be printed at cycles which

are integer multiples of this number.

NRZ Number of zoning ratios used in initial

zoning.

NTAPE Controls frequency of data dumps on

binary tape. Information will be stored

at cycles which are integer multiples

of this number.

NTEDT Number of time edits selected.

NTEST A read check variable. Should always be

set to 30. If there are too few or too

many data cards, the problem will stop.

NZ(I) Zoning number which changes the zoning

ratio (RZ). The code requires this

number to be 1 less than the zone where

the ratio is wished to be changed.

PMIN(M) Minimum pressure in dynes/cm2 allowed in

the mesh for material M. Approximates

the dynamic tensile strength.

Qu r~i i %A 3 h
A ¶.• .vj Amb-ient density in gm/cm of the

material M.

RZ(1) Zoning ratio used in geometrically

zoning a problem.
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SDUR (1) X-ray shine time in seconds.

T(I) (1) Temperature in key of each black body.

May be read as zero in an arbitrary

spectrum problem.

TB1(!Ir () Storage for h-v/KT values for black

body problems or h-v values for

arbitrary spectrum problems.

TEDIT(I) Problem times in seconds where edits

are desired.

TIME First time step in seconds. This

variable is later used for total

problem time. 10-12 seconds is a

reasonable figure for most problems.

TS A problem stop parameter. The

problem will terminate when TIME

reaches this time in seconds.

UFACE (2) A constant used to smear the velocity

discontinuity between the flyer and

the target over five zones. See

section on Generator.

UFIN (2) l ist zone of the flyer plate.

UZERO (2) Velocity of the flyer plate.
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APPENDIX I

FORTRAN LISTING OF PUFF



PP03WAV, rUFF 10

THIS IF PUFF FOR uEPOSITION OiNLY FOR THL AFWL 1604 ****

ao
CWP~M0N AA(6.20).AC(l10.10~o6).F3(6.20).CUSPI(6).CLJPA(6).CLSPC(6). 40

ICUSP0(6.vCUSPG(6).CJU'P'(16) DISCPT( 12).EE 10).FDGE(6.20 .EI( 10.10)-fl 50

2.EOSTC (6) .EOSTD(6) .EOSTE(6) .EOSTG(6) ,EOSTH(6) .EOSTN(6),ECSTS(b) * 60

3JBND(6) .jED!T(IO) .JCPG( 10) .VýATL(6) .NCE(6) .NZ(20) .PMIN(6) .RHO(6.9 7C

4PZ (20) ' SS( eo ) *T (101 *TE3L(109o'nTEU ITC25) .X(BI 8011 I

COMMON LKP.OTNHOTN.jC~o. YCS. lrjjD9VAx.j0MAY1 .JPZ:L.JSTAq.JXXiJ..,, lo0

I PUL .L N E .L ZH 17 sN #Ne` *N JED I T NM T RL 5 sNPR 1N oNP 7 N TA DE s T L: ) oP VA X 110

2S,0U,)* TI ~ *T * TA= * 20 UL 1210

DIMEN5ION P)(1.S2,1,V1.()U1)140
It~o

EOLJ!VALFNCE (ACeP) * AC(802) .0)* ACc1603) .CS) *(ACt2'404) .r * (AC(3205i 160

1).V),(ALU&C)06).ZM)o(AC,(4807).U) 170
1 30

ZEPOES LOMMON IM)C

DC I K=1*9954 ý-oo

AAv<):. :.1o

CALL GENPAT 220
230

INIT14LIZL COUNTE~c "NO CONSTANTfO -240

LI NE:=C .?

FLAG: 0. c27C

CC: i.9 2Hi0

C I = 2* ,2 c

TWOCC1:2. *Cl !~cc

FOýC7,0=4.**CCSO IL C

N: 1 340

LOTN TI vF 360

DTNH: TI ME 3-7c

HvDQ0 cýT PTF HERE a0

TV¶E LOOP 9

410

PMAX=O ,,

LL: 1 440

DETtjOVIN! TH-L L!E)T 3--OUNDAQY CONDIITT--Cý45
'60

X( 1)=Y( 1 )aDTNH*UflH 47C.

V~A IN LCCP PG.C4 HYDPrC C4LCUL4~.T3O%,"J

22



,'CL C

L.LL4 !57:

56 C

LLY-LL 1 57-~),K~-JiL

-)-j T~~~ a C t.J 58

I7 s 7,s L'* 600

-v (.+, 61 :

SC '*ý CP'1

lIFC AL or-K J+ L'. 764(%~

*N*1.PCJ+12

-V J+ 1 J+1

j(L )+ .I ) F~ = ~ + ( 7,u CS - ý1

I F ( ). ( J I 1 1 -v.. J1 .O4. 14 9-00

!F (DV Tl~I~'3

Ij+ I)UG~'' '+cLT J+ I T

I ~ TO I 1 . -iT t 3

1400

4L C ( +1 )0 *PF. IV 70

ýALL S T L I NI 80*C

F' ( DV 1-MA) o 2.1# ~ n306

AL E,10,T -( P o 6 70



JPMA X=J+ I

27 21-AS2M I 1"2, 7

[F (1(31))33929.331

29 IF (N-i) 30o30%31 1

JPMA x1IAJPMA X+ I

I F(LOZH IZ) 31 4 .32.31 Iý

GO) TO 34 'In

3 CON TI NuEj

-AIN LOOP ENDS HERE

EX IT AND EDIT CONIPOL c

34 IF (TIME-TS( 3b.D7..27 1

235 IF (N-j_ (C'-) 36t3743-7 T

-36 I((JPM*AXICY(?PI 4.7.37

3 W LAC=1.
35S WTAýPE= I.

CALL EDIT

END FILE 4

END FILE 6

PEwIND 4 1

PEwIN3ý 6

IF (FLAS-!) 39.o40.,3 9

,.3Q ;:LA1NL3 45

S TOP

40 CALL DOTE

PAUSE Z.D

41 [F (SENSE S~wITCH 2) 42,44
42 PPINT 43vN

43 F ,P A T ( 31H- SENSE 5SAI TC H 2 1: ON 47 Lyu 11010

Go TO 3.8

44 IF(XMODF1N.NTAPL_)) 46.4Si.4b

45 'aTAPE1. 1~

CALL Ef0[IT1

00TO 4e

46 IF ( XMic7AN.NP'$IN) 46 147#48
41 7 WTAPtE *

CYCLE ADVANCE

4H S2:IN1~ I*'9/%K 2Mv.1 .2*:T NHI'4

IFJE I T ) 4 -4o FIjs 4t

49 wQITC T n D_ ~4 ,oNJE DI T NT IME

Jt±E, I T t II

§0 AiF T, -APE 4, JOPG(Iz *J ~r I T (

SK2- v IN,

AA DTNmDT\'-

2DTN; 2.c3V

C:ALL ;'4U7DNE

'4



I & (TEi'1T If)) '-9 S~S 1 65C

4 IF (NTEDT) 55.57*55 1 6 6'

-s I P T IME+C-MP-T.U I T I I 5Ho8*'A.6 18701

Cr'TN"TEDITc 11)-TIME .5

NTFDTz: 1690

G30 TO :-, 1700

*TAPE= 1. 1 710

CAL.. I*i 172C

I I II+1 I 7.3C

NTEDiT = 1 74C

TI = T I +LT NH 1 75C

CTN,=DLTN+FiTNH 1 760

N=N+ 1 1770

paurE25I 70C

G0 TO P 1 9Co

ENL I1 I c



- GENERATOP SUBROuTINE FOP THE PUFF HYDPO CODL1

S;U93OUTINE GENPAT 1 IL40
1 83...o

1CUSPD(6),CUSPG(6),CUSPSý(6),CISCPT(12).EL( 10,CEDGF(6,20),EI(01H0I'.i 1-7
2,EOSTCC6D ,E(dSTD(6) ,LUSTEC6 .EOSTG(6) .D3STH(6 .EOSTN(6) .EOSTS(b), hsbic
3-JBNC(6)oJEDIT( 1C),JOPG(10).M4ATL(6).NCE(6),NZ(20).PMIN(6),PHO(C), .- c
'RZ (20) * SS(801 ) TI 10) ,TeL (109) ,TED IT (2!,) X( S30) 1 c'00

.10
ý.CVOM0N LPo.)TNMDTNJC~.JCYCSJFIN.JPNAXJRMAXCI JnLJSTAP.JXX3,J7 '?

IPUL .LINE ,L0ZHIZNNe.NJEDITNMTPLSNPRINNR7,NTAP~,NTU.,T.PMAX9 1i
2S0UW9*TIME, T',o*WTAPE9*7PULI

DIMENSION 11) u ),S 1 E )* ),Z(H*(1 6C
I 17C

EOuIvALENCE (AC*P),s(AC(8ao2) 90) s(AC( 160:3) oCS)o (A-'(2404) of- %(Ac,(J'0' I 1.1c
I ),VICAC(4(,O6),ZM-),(AC(4807),V) I --),:c

FOPM~ATt1OA) 2C1cIC
FORMAT (8110) 00
FOPMA7 (8EIC*3)

4 FOPMAT(2EI5*7) 2A
0 F04MATHIH07HEITOT =E15*7)ýt

b PODMAT(IHCý9HLO7H4IZ =[I()) ,0d
VOPMAT (45H ERROR--INPUT CARDS Ar-E NOT OROPEPLY PREPA'ýED) 21070
FORMAT (25HIINPUT PARAMETERS FOP - -/IHCIOAS) -100 C
FORMAT(46H ***** TH-IS PPOBLEM WAS PUN SN CRjFF/16O4 *t***) .)
FORMAT (13H1 TAtbLE VALuEC/(IOCI~o3o/)) :-ICo

II FOPVAT ( 1HO46Xi3HNbB36X,4HNRZC4X,6H-Nt-TPL36X.L4HJRZL5-X,5Hj7PULSXZHNPu- 2 110
1 1N6X95HANGLE/6l1IOsFI0*3) 21Z0

I FORMAT (//17H 'cý-NINC, CONSTANTS//) .21 1C

11 PORMAT (3xo6H PRA.IOEIO*3o8H TO ZONEI6) :140
14 FORMAT (//4SH BLACK~ BODY TEMPERATURE AND ASSC:IATCO ENJ"RGY)2t
15 FORMAT (12H TEWPEPATUREo5Xs8H ENERGY ) 180
16 FORMAT CIH El0.3o6X*EIO..3) .2170
17 FORMAT (I0X4JI5oHCC5oHT'Tx5NAEX~frae2TF

IX,4HTIME6X*4HSDUR/4lI I04F10*3) 40~
is FORMAT (25HOMATERIAL PROPERTIES FO.' A8*5xq,'PHO1E0*3q5Xq7HFR0.'1 J- ,.,

Il5o2X.sHTO ,J915) -I
Io FORMAT (I0XHETCOSHGTlotLOTIC5HSTlo5UTI -,ý?

1 x,5HEGZTS1CX,5HEOS-ýTN1 1Y.HPMtN/8C15.") L3
rOPMAT(CI Hf9X o5HCUSPI I ox s 5CuSPA IOX s5HCt.ýPC1I0Y s5&4CLSPD IOX #5HCvP Y"G 12 i4

i 1ox95mCuSP5/6E15*S) ..-

21 FORMAT (1115H NOE=I5#23X#3m AA*16X*2" ,,~x~ EDGL//)
22 rORMAT (E37*5*E20*51PE259ý)'7)

t3 OPMAT(1011,10A8*/5H0 6Xo2HOXI3x.1HXI1X,4HEýPG~,1O)3HC4LICX. 2

1 7HSUM CAL7X.7HERGS/GM7X,8HVELOCI TY5X.9HZONE MAS4X*I1NJ//) li hO
214 FORMAT (1-4 13*SE14o5sj4) ý0

25 coPMAT 1IHI)

26 FOOMAT (1MZ10OX914HTHE TEOITS APL/IOE1O#3/1 2;
27 vFORMAT (INC ICXqI4HTHT JEC)fTS APE/1011O) Z20

28 rORMAT (21m4 MArLRIAL THICKNZ,ý, zLIO*3)-.0

READ DATA "'.16c

17C

26



.'ýN"NNT%2L ,Nj--.IT ,LO7k I14

IF (Ný4N., 2993Cý.Zc

~CTO 31 ".C

o.A 1 -:>! ~CPT (1 I I = * 10)2 4

C;: A L! 3'T ( IKIT I) = 1 oNTEDT -

I F (NJLLb'I) ?43. -47C

ZPt-L=JZPUL o0

GEALD 3sANGLL
Nm T NNMT -;L cl -

-E, ý2 a j3E (; %12M 1 s N-TrLS

IF (N'mT) 37,37.36 ---

ý4EAD 2vr~(ZLo2*PC -7

.%XDX/(, 1 "CE(Q~A~~l*qC

CýO 3e *v'=,NYTRLS 20

ý,~EAU I o*-ATLC*) -6 10

4EAL, 3 ,.u-ýl (M) sCUSCý(M) CUSPC(M) OCUSPO(M CwJPG(M) OCUSPS(M) C.40

- ; ;FLAC 3o .AA(1-. I ) * CM. I ) oLDGL (M, I1a 1=) *NCL )) .,.570

-ýEAL) 2.(KPT,) 4:66c,

;:ýAC 2.,JCY'l..NT~rT ,. C.'90'

IF (NT -!T-32) 3'?*'6O.3Y i:.700

PPINT 7 .7 1,')

JCKCO . 7.103

ANGLL=CQ$SF( ANGLE~/5792957795') ~.760
IP(N~J,70T) 43o4 .41 7

':O 42 I1,'.4JEDIT:"R

CALCUjLATE AUiSOOPTION CcO:PFlC1ENTS 2'31C

'4 r1(NHNN) 44o5C*4" t3

44 CO 48 Mc1,NN1TPLSr7t4

00 48 Icl*NHNtJe~

45 IF (EDGF(M.K)-T9L(l)) 46o46947 27

'A6 <LKl2fi~o
GC TO 45 b0

47 AC(,I q I ms~a lHC(M)*AA(MK)*(T8L(1)**(M*K)i/ANGLC 2y00
CONT1NoE &:9 10

EITOTak-e eel0l

41 EITOTwEI'?OTE I(1,11 zl)

10 TC SA

27



.1 ElTOTzO. 2C)60
D0 54 Ma1.NMTRLS
D0 54 Lz.NBB

00 54 121.109 ý3000
51 IF (EDGE(MoK)-TBLCl)*T(L)) 52.52.53 30,10
ý-2 KmK+1 3020

GO TO 51 3030
53 AC(L.I.M)x-RHO(M)*AAWM.-c)*(TBL(I)*T(L))#4B(M.K)/ANGLE 3040
ý'. CONTINUE 3050

D0 57 L2l.NB8 30,60
00 51 1.1.109 370

IF EI-ql9 55955*56 3060
-;5 EU(LoI)aEE(L)*.0l 3c.qv^

GO TO 57 31CC
156 FIl E.*I =EEtL) '.001 _;II1C
57 CONTINUE 31--

C ~~3 1 3,
cCOMPUTE OX USING ZONEING, CONSTANTS .3140

315-0

99 LZ'xl 3160
00 61 Jul*JFIN 3170

IF (J-1-N7(LZ)) 60.59.60 3160

liq LZ&LZ+1 3190

611 OX=DX4PZ(LZ) 3200
xfj+1)zxcj)+0x 3210

1220
ZONE CEDOSIT!ON .3230

CC 7'1 .j=I#JFIN 3260

ESumv;Z. 3270
IF (J-JBNC(M)) 63.*62-96.1 3280

62 M=*+1 3290
1ý3 IF CNHNU) 64.67.464 3300

64 CC 66 zIoNH~NU 3310

I~(l1I)lE2l66.65.65 332C

E!ýoMaESum+E IZ 335CI
66 CCNTINVIE 24b0

GO -TO 7- 3370

00 60 Lm1.NSS 338C

OC 6q 121.109 339r,

IF CEI(L4I1-1.E-201 69.68.68 2'400

El L I* IIeEI L. )-El? :342C
ESjN'zE~um+EIZ 34J ,

'~C0NTINOJE .344C

~ 3453

C-%TINjE

CLEAR STORAGE TO ZERO FOR mYOPO J14QC
350r,

CC -3 1=16563p 351c(
.3521

28



CFT JP ZONING FOP HYOP .54

J550

Ur Ij-JrýNDM))7,Va5
'4 V= .I:

STAPT INPUT EDIT 1

M41% :ý36 :,0

f-- IN- T5.'4L. I,~ I 1 19) J6QO

OPINT 11.NSt3.NPZC*N.NTLS*JPZL.JZPULjLNPIN.ANGLE 3700

Or1NT -. CITCT -371C

"tuI~ r'.T .L17HI7 ~Z
C'r-,I '4T 1I 72

PPINT 12. (QZC I N7( I * I~I NPZC)

OOINT 1645C

POINT 1- 760

P~I NT 17..JFINJCYC!*TSeTPoKoT*IA~~ýý j7U0

! c NJ-- 171 '77q77'. 7e j7z)(

%7 r\ -7~,Q7 J0 1 JE C 1=IIJ,

U JN' C% 7S C) .1-.9

PiN =j 3920

P-INT 7QTHN 3030

~t C

Pý! N T P I.NOE 39qc

P~zrNT 22. tAA ,M, I .ECM. ! EDGL(M. I).Im1 NOEO) 1100C

C CNfIN ý F 40:C

4.040

PPIN1 23 * C0VCPT(!1 * ~t * 1)

;U"'C AL: C *460 7~

C'Z C12 J=2.JFr!N 40-rC

29 ~Cp



*CT'- CM-I~ 1

x C-LLP& 4L J 
4:

II.

7' -m . r* 

.I 

,.•'Z,,," 

4.- 73'N-:7 

70"' 
, i'X W U I G ;.• L A !U-T'A~ '•: U .$ t II J I ! .
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i10
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(j' t j,%* N C 7' O-W I. N QWO~(" X~~

4 17C

4 40

AC 1;D 63 CZ, A Ci4 4 * ,

-6) .J.,jT~ 4Rn73

.462

3r 4ZL 48.., 63

473

v"74

-5 J= I*4 4c

-. CQ% mG Copy39 4



4-F

19 I (J-4XXO) 48.48.20 
45

20 CALL EDIT 4BbQ

SCPNCHz1 * 
49870

JI N0a J I N 4880

~J )(0- z 4 L)9

DO 22 MLCKaI.NMTQLS 
4900

IF, (i-i-.jeND'MCKI) 23t2I,22 '4920
21 .JC~z4CK 4
22 CONTI4UE '4940

MC~uNMTQLS 
4c;40

23 MEMCI~4960
24 IF (jCK 25*25426 47

EL2E3-1),9~*IEJ,-1J- 3)4990

IF (J-Jf3N2(ME)) 26,27s26 5020

Vp~VV.j41+QZq4(Vij)-VCJ+131 5050
SSPZS(JI)+ZP*Ss~j-Sc4,;I))5060

I'- (JCK~) 2Q.29.2H 5070

E~=E J~rZ(E~~ 3-l -J1 35090

GO TO 29 5120

EL(J+PZ.(E~l-fl ~* I5140

SVu=V(J)'4ZQ*9*lS)-ljj)-SlW5

XP=X(J) 5170
XLz.5*(XIj)+X(J-1)) 5180
ZMP=(XP-XL) /VP 51,90
?ML (XP-XL)/VL 5200
U=U (J) S210

0ENx I.*/VL 9230
CALL. EOST (ELet2EN*PLiME) b240
DEN= I.V * 250
C:ALU EC~5T (E9.DENsPPWE) 526C

-) 0 J 5270
j ) 52do

L:C~4J)5290
C SP CS (315300

JDC~j ý)31
J = ME tD320

230 31 NlAEz.J2304JFIN 53230
IF (NM"E-JBND(.aj) 31.30,31 t)340

31ID(ý)=NME+l 53n0

31 CONTINUF 2~
JXY=J 0

3: jF IN

X(J.1 )=XC3) 5400
(J34 1) : (j~ '410

12



V C j+ I

-ýCJ+I )mCj) 5460

IF CJ-JXX) 33o33o32 5500

71 .. + I)=X "-.510

Vt J+ 1)= tj57

'j( J )=VL -,j

C~C- + 19 ~0
C 71=F 5600

--;-C)., ) = 1ý 5610

P(J)=P 5640

J+;C 5650
J C~) = 5660

(~JýC I sr 5670
C SC 7)~56.30

1F (NJ)IT)1 ~3 7 o3 4 569?0
4 C I~ 'I o NJ E I iT ~7

CFCJ-.JEC1)TC IH 35s3593e, 5710
3ý JEOCIT(I I)=JEZCTC II)+1 ý577.0

i36 CONTINUE :71
!FCJ-JcSTAD) 28,38l.20 5740
J' TAýý= iS;TAQ+ 1 5 7!:0

i JI N =J 'I N +I 576n,
I- (Xfj)-X(J-I)--97DX) 4C.24#24 5770
1- CJ-jXXO-20) 41.47,47 5780

fC (J.jrFIN) 4--.47o47 5'9co
IF. C( -LJ+12' 43*4-3,44 t 3.

I ( ;+ I ) -v I J1 IC T I mE-TNH. LJ "U) *S3cJ+I 1 5I1

4 c -c 4F*6 4 5l
-1-< = "

.A. TC 26 .9E

~j-'FCNC-JFIN
-.;4N' 1 ',l.NvJP7sJlýTAQ 59 0 0

PEZONE BEHIND MAIN PPESSuPE PULSE 92

9 3 0
CF CJOZL) q7s87.,o49 5Q.0

49 IF CN-N*Z-lCO) e78s4: 5950

M Q " =b970

7F ! NO .. APIN

~-~'~ Co Y



6000

K=7 60^1ý

%V-" r L 6100

1' ~ ~ ~ -r I VY- *I . ' ) 1 7 * ý7 . 6

6 '1

x-~ J':JN 7 1~~ 6160

T 1% 6170

Qý'Z =Q Y* ýD f 51 4sc

6200

62Z10

I 1 105,4I" 624 0

6.LC

P.7 x iJrL Z -).J V )/rL C TF7 j;- LJ 621-0

I * ý% !' IN- ) 6 t 6S. 6300

SCO~H 6320

I X f J. I~ -V J I- - 6. A 1* 0 l I6330

_j ~+- J WNf C 7. p 1 9 67 6-14C

I- (%J 7c '0 6F* 6350

Cb'- l1 N.JF -I T 6 360

V. I* vJ IJJF)T +7y.& *6" t39

v I 7% C .i I V 4 j-*~ J4-2) *: 1 NV 642 1

.. I ~ ~~'~ ~ 2: .+P )*,"" INV 64L-0

j- I 6460

7..72.71647,
-7 *U(?,' J+2*(LA J+2 )-,U(J+l )17MC 6420o

-- 649C,

340



DC74 jL=JX.JFrlNc 6b-7-

u(J:=u(J+1 )65q0

7v~jcczm~c~l)6600
VLJC)=VcJC42 ) 6610

£ r ( JO) 1rc.c 6620
~(JC~r~fC+1663C
0( 1)6640
C!: ; ) =-l (c+ 16650

-;c ) JC+ 16660
C C0NINU1 6670

~ I = J~TN-I66P0

~F-( JF-, 79 s78 975 6690
CC 7'. 1 1 vNJED IT 6700
Ir (,-jF-J~TcI1), 76.77.77 

6710!
JF7 C tt)JFDT(p-- 

673ý'C,' I t x-: 
6740

J-T4ý Z rc TAQ- 1 
6 75f-0

JPLUC Jý"LC-1 
677C

jyyc~yy^-:677CO

~ C *NVTI2)807c.7 
679C

S('/1):-I )-j-2 M 0 -1 7 
6800cr)-1Ni 
6810,

'("'P') P3987.82 60340
!r ij-JPLC) 84'-v~ 

6850Ir (J+4-JPl'OAX) 'q4sg861Q( 
68036

Go TO 65 689C

XI :J,-VAX I -WiC 
10 Q

% ~6 -J40 C
)I 'T -E o N s JPZ 9J5 TAr 

6-CC*.- INu' 60''.c
~o~n *e~614605

C.IL.L..........................................................6970

6-47-
690

80,cl

3'i
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701
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ý,-L (J ý(- I + mCJi
trjv-j~vAx) 13014.I4 760C

1 U 16. 16. 1 '7610

-763'C

Y44 7650

J--ý!(j o I. -67n

I- TA.Q) I 76k-,!

77,

1ý2J ~TPkT VAP1ACLý 74

T~ 2A L. G 0-, gý'\/P~. XC 1 .X!JL I .X JiND) *X JFiNI N)J1 IN 7
u

L- -'= I':'-+ 7 79 C
IX (LV.t,'t3) 2 1 PC*2 1 7800

701 C

-.

co



T~7 1 4

T-,, Z CT6i 0*- 6n :)l zTr3C T6). CTN 6~ COST~C.i* 7~

C * C I ) ~ I' *TL, IT(CF C • )C 1 IC

* -... *~9 9." '.)~ I a~N1.i *' ~ . * T:ý ,@'TA * L ,,T P:4A 9

4 7 c

i 4 "000~

ý040
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'07
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PROGRAM P PUFF
C TH-IS IS PUFF FOP PLATE SLAPS ONLY FOP THE AWFL 1604 .*

COMMON LS(500).CUSPI(6),CUSPA(6'..USPC(6),CVSPO(6,.CUSPG(6).,3ý
ICUSPS(6:.0ISCPT(12),E(50O).E0STC(6).EOSTDc6),EOSTEk6,,E0STG(
26) .EQSTHC6) ,EOSTN4(6) ,EGSTS(6 .JBND(6J JEDIT( 10) .J0PG( 10 .fMATL(6) .'

4X150Q) 4ZM(500)

COMMON LP.DTN.DTNH.JCKJCYCS.lFN.JFIN2,JPMAXJL.JeTA'TP.JXXC'.j.fl
I L L I NE *N aNJEO1IT sNMTPL5 oNP IN sNPZ *NTAPE7 NTEDT s MAXv-T! %17 T!**kE;C
2WTAPEoZPUL

C ZEROES COMMON

00 1 Kc1.422.i
I CS(K120. 1 6C

CALL GENPAT 17-1

C INITIALIZE COUNTEQ5 AND CONSTANTS
C ý

L INEzC i
FLAGZC *

CC=I *

TwOCI g2.*CI
COSOzCo*CO 16

FOQCSO24 .*CO$C 1-7

11=12!'
Nal

OTNxTIME
DTNHzT IME
JSTARz.JSN0C 1)+3

C W.YDPO eTAPT5 H4EREP&
C TIME LOOP

C
2 SKZMsO. 7

Mal

LL-s 1 400
C DETERMINE T1E. LEFT BOUNDARY CONDITIONS 41IC

LJ(1)2UC3)-DTN*(Q(Z)+P(2))/ZM(2)

X( I)=X( I)+DTNH*U( 13

C MAIN LOOP FOP HYDPC CALCOLAT1CNj

JFINM1 :JFIN-I'47C
00 22 JzI..JFINM1
OOLL)=G(.+1) 4:
POLD2=' Ij+l)

40



lF CJ+1-JBNUCM)) 4o394c
3 LL=LL*1 -

-. U(J+1)0.OI)[TN*(JI

DLJ=U(J+I 2-LJJ) 5-C

VAVC,2(V(J+l )+%OL0)/,z.O 6CC
:DV=DTNH*EOU/7M IJ+ I6U
IF (DU+19) 7#898 tA

IF Ojf-. **

ou=z * o
CS(J+1 2z0.o
DNEWzl*/V(.J+I)
LOLD=EiJ+l)
CALL. COST (ECJ+I).UNEW*P2oM) 7
LI=ECJ+1 2-P(J+1)*DV -I1:'ý
CALL E.OST (E1.DNE.W1.f') -_

E(.J+1 =2=E(JeI -(P2+P(E.(j+)+QC4+1 )/OLD/*rV/(.(lI)pJ12

0LTOz.C0I *DNEW
IF (DV) I 1911 * C

iu C)FUDG=DNEW+DLTD
GO TO 121.

11 DFUDG=DNEW-OLTO)
12 CALL EQST (EJ+I)9.)FUC'.Gs.PFQ.C'7M)

DPDPHO=(PFUDG-P(4+1) )/(CFL;jý-:)NEWI-1
IF cOPD2PNO) 13#13914~

13 SPEE02= 643.
GO TO 15

14 SPEEDSQRTF(DPDPHO2 ),:
15 SK2M1=(SPEED.T'*OC1*CS(J+fl-FORCSO*Dioa/(X.J.12-X(J)

CS(J+) =SPEED 7

IF (P(J,1)-PMAX) 17.16.16 7:

16 PMAX=P(J+I) 1:
JPMAXxJ+ 2I

17 IF(SK2M-SK2MI) lbolIeP

19 M=LLC
IF (LJ(J+122 22920.22 (5

20 IF(J-.JCTAP) 22.21.21 6
21 JSTAP~j ?:

GO TO 23
22 CONTINUE -"

MAIN LOOP ENOC H~E I
JSTAP=JF INM 1iI

C -=X17 ANr EOIT CCNTPOL 0-6:
C I ct:,
23 IF (TIME-TS) 24926926 1 C63

24IF (N-X.YCS) Z5*Z6s26 0C
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;~(xC(2PAX)-CKP) 3Ot26*2(6

C, FLAG~l. 
C

2"' WTAPE'=l.

LNi) FILE 4

END FIL5 6

PEwIND 61
IF(FLAG) 28-2'9028 1 7

Ptw IND 45
STOP

S CALL 00TF
PAUSE

IF (SENSE S~WITIýH 2i 31.33

~i PP'NT 32,NATCL 10
FOPMAT (31-4 SENSE SWITZ 2 T:crý AT VL 10

GO TO Z7

.3 IF &XMODFCN*NTAPL)) 35.34o'5

-14 wTAPE=1.

CALL rDIT

GO TO 3' 1
35IF XkMODF(NoNPRIN)) 3.63

`6 TAPEC * 
I 1

CALL EDIT 
'.

CYC.LE ADvANCE

j 7 ~K,%11C/S2&1 2*DTN"1)

F(IN~JEDIT) 3B.40.38

"3' WQITE TAPE 4*NjEDIT#N*T1'-'E

00 3;o~ 1=1,NJEDIT

j'LijE I T ( I ) 
1

J9 WRl1TE TAPE '4sJORG(Ih.Jk..,1TfI)*P(J~J+l) 
YC

41- D)TN=DTNH
DTNHS5<2V

CALL RýZ0NE

IV (TEUIT(it)) 45*45o41 l

41 IF (NTEOT) 42o44%42 
14

42 IF (TIME+OTNH-Tt0ITC II)) 45v45.43.

Go TO 4

44 ~ AL1

CALL D-IT 
I

NTED)T 1

4ý TIME=TIME+DTNH 
I~

CDTN=DTN+DTNH

N=N~ I

IF (,)TNH) 46*46.2

4-6 pA LE2 -
-7

GC TO 2

42 rp



SENF~T ~7 UL;PUTINE a0P THEF :!LUF H-YCt>ýO CODE

Q-PZiT I NE GENPAT

COM4MON

2ATAPE- 7PUL

i F04A T ( IOA~H

FOm.I.AT (8110)
FOR WA T (8E10.2)
P ~CN.AT ((4ýH tLPPCR--Iý:PuT AqE NOT 0rr-?OUýýLv Pr~vFjýD)
PCýZM-AT (2!:HlINPUT P'APAvETE-Pr,' - -/1HO1C'AP)

WO--!'AT(46H **** TH-IS Pl:-,OELL/ ~A!$- CZN Cr-O~~UP/1604 0-4** -

FORMAT (//17H ZONING CONSTANTS//)
FRM~'AT (3Xs6H RATIOCIC*3%SH TO ZONE*46)

1z FCP~MAT (ICX4JI5oHCC~.HTS~.HTM7.A'Kq.-,ý

1X*4HTIwE/41 10.3EI0*3)

11 FOPMAT (25HOMATEPIAL PROPE::TIES FOP A~5*HH=I03ývfC ~J-

IOX. ;"EST'S10X.5HEOý-TN11X.4Ht-1PMIN/3E15.5) *.,

1 1CX.!HCUSPS/6E15.5)
14 !:.-OPAT UM1I.1CAS/5IHO J 6X*IHXPX%8HVELOCITY5X*t9H7ONE MASý<//)

16 PFrN'AT dIHI)* '

17 FORMAT tIH:ACXoI4HTHE. TEDII`- A;Z'/ICEIO*:/)4.1

is FOPmAT (lHZ1OXsI4HTHE JEDITS APL/10110) I -;C

19 FCý!A c21H M4ATERIAL TH-ICKNECS =F1O.3)

OEAD DATA

PEAL; IoCZ.jtCPT(I)9Iz1IoC,)
READ 2.N4ZCsNMTF.LC.OJPZLj7PL.t1PIINNTAPE.N.JEDIT.NTLDT

IF(NTEDT) 21.21.20
23 LAI3 3.CTEUITfl)9IzI*NTLD)T)

421 IF(NJFDIT) 23*23.22
22 READ 2q.jE0ITtl)sI=.NJEDZI')
23 Z'rUL=JZUL 7 c

NM T =NM T PL S- 1
PLAD 39UFACEtUZ---O.IF'IN2
J I N2=uFP N2
IF (NYT) 2C*25o-

,:4 PThAO .J(.M1N

,ý EAZ: 2*JFINCNZCL~I.L=1.NQZC)

:)AC 263,=.';x.TIM.C7MLu .S
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1)A 3*F'~j1l 4E*1T V *-c:(

READ 3*U-IM-UP()CSCM-UP~)CrP~)C,-5fý

,76 1 c

rPEAf 3eCKP.T, -

0EAD 2.jCvS-.NTF-T

-'7 Pr-rN 4

JF(CN.CD IT) 3131
2Q cc 3C 11,*NJEDIT

30 JC-PGC1)=JED1TtI) O

NP7= -=

C .

C SET PLATE VELOCITY

C C

00 3? j=I,JFINP 7

UC J)2UZEPC

'4 CONTINUE

U(JF1N2)=UZFP0*t1.+UFACE)/2. -,,

U(JF1N2+1 )zUZEPO*UFACE .4,1

C^OMPUITE DX UCING 70NEING CONSTANTSF

LZ~ I

DO -,F J=1.JFIN7C

: 4 DX-DX*C7CL7)

35 x (J+ I) =x J) +D)

FSrT UP ZONING F^ HYD:7

IF C~J~ )37.36,:37
-~ v-*60"

7 CCNT I NJP 1 .1

-,TAQT INPJT FJ _6"n

%~I-r I. C 1I'CFI'K) ,'.31 U)
P--7INT C-

T .I F~ I q * N 2C Y I C I T . N 7 Z ..'C M

44



if- T I 7

41 J2 J.~N 
4' ' 4

4 = JN' IN.H~N

Cl TO" 44fr~U, 
ET~V) r ~()*' ~(~ U~ 

.~ T~)* 4

Kir; NT'1 I ?*. F- (r.' 00 F"' * i ('J). 

-Eý

CrJ a * 4A46 9 4.

f7 C("JT I "r 
Q0

-TAr;T VELOCItY 
EDI

?,;'IT 4 111 CI'I c T( 

P. Q1 S (I,

J S iX~.j r TN4?+3 

-

Dr~" I .'-D

PO'INT 16~

PF TLU11.

45
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0 c .i C, I jC PC

~) ~'-CPT(R). '0) '6 6 )~ o 76 *E.Q-TG(

3Zc~~~ -1 *-(0),'IC) . E j~' ('.-Q~ ,E''ý ~ 0 6 ~ ~ E ~ G 6 ~ -1 v~ '

14X(

f' ? N At4i% :' f'P 'ý IN r 'LIL'F

Jv= I:

V)0 6 J=IoJSTAP

IF Cj-JIND 4s3*4.2.4

I ZP'L ) '46 s405,'

(J.'r j=) I Jj-e I

IF (.~)i.21 ~-

T C

JM=JPV~AX4

jI*12 (7-'J J-'1~ZX )4 ,181 J"+

IF (j--J--AX-Z) 14 ,64

NC, = J%.

J0'C Iý 
;0 

j7

-JPIN) 17*46 46 46

Bes AvLJCoy _



Ir (J-JrNDVAL)) >6*27*26 '7 1"

'$, = '~~((j + I )-+P7P ( ) - V 'C J- I 374CI -C.-II

IF- (J-K 213*2092rI --7:7 27

V~:ýVlJ)*PZQ*(V(JV-V(J-l)) 37630
G~ TC 7c) -1ý

VL-V(.J)+07f7*(V[J)-V(J+1H) C'1

7mr.' (X.O'-XL I /VPn

ZIVL=(XP-XL)I/VL

UL ( (7 ~J 2'ML *L(-I)L(7V()0h,)*QJ 7L7

OF:N= 1./VL
CALL COST (ELOEN*PLvVFcý)0
OENJ=I. V -, -)IC
CfLL Fj, (EP*DEN*PP*ME) ,4-0

rL= '( *J) 143

C"L=CS$J 3950

jr~o~j ý3970

.31=ME 398C

CC 31 NME ZJDO s JF IN .1,;
IF :NM1r-JbND(JI)I 3I,3iM.31 '0Cz

33 J'ANL) (J I) NME+ 1 '4010

31 CONTINUE '.030

ZJ~F IN 40t 0
32 XCJ*I)SX(,J)

I.(J+1Ilu(J)
ZM(J+l IZMCAJI
VCJ+1 IV(JI 40-<
C (.+1 zFC.3) 4100,^
P(J+I ISp(Ji 4111C
'0CJ+1 )*0(JI 4111c,
CSCJ+1IZCSCJl 41'0
J=J- 1 414:'
IF (J-JxXX 33*33.32 41 sc

33 X(J+I)=XR 4:L
X(JI SXL

47 BsAv b Copy



U(J) SUL
7PM(j+1 )=7mP 

"7N' tJ) 7ML ~"11I( J+j I ) z10:

L~ - =cV 
4-.

(J) =FL

(j + I) = p p 4

O-' fJ =oL ",C

C$,J+ I )=CEQ~''

Ur(PJ7-)IT, 370:47,:1 1
.4 DO 36 ll=1,N.JEDIT

.F'(J-Jf-1rC 11 .)35OS5.36
S J7'.ý Ir I )=JrDCITC I1+ I

**' r(JcJTAP)3B38:I

i( XCJ)-X(J-I1)cPZDX) 40.24,24
IF CJ-JXXO-,'0) 4 1 .45 . '-

I1 J (J -. 2 N 
4 41ý- 

.

U' r J- I-JrýND (MF') 43 o44 *43

~4 A.AFr>

J K J I N''-J

4 "ý 10
REZONE 13EHINC' MAIN DFES5~p; "U".

4 F' IJPZL) 8508R.,47

4 ~J-ý7v=1 
4 S6 '0

JF' NO= jr I N.40

PA=MD7 46100
KQ,7=C 46 1 r
J=Jpm~x 4(ý,:

464

'AN' I JMLPL 4 7~r'

IF 471

48



00 56 MM:ItNMTPLS 476C

IF (JP'j!AX-JRNnr",1M 1 7 ,cF 7 ,%9 477C

56 C ONT I NLF '47j0

WA=NMTPLS 47ic,,

3'- PZ~z2'DX*.5*V(JPMAX)*PHOCmM) 4OCC
KP7=- 4bU c
GO TO 61 e1

S KPZ=I 4 _~l

0O 5Q mmtIeNMTIQLr 4A40

IF' (JV-I.JIPND(MM)) 6'1¾6t1SQ 405-0
- CONTINUF 6(

V Y.= li- ~T r-L! 4 i-

I~ k=mm 4 P~ 10

RZ=(X(JPLC)IYJV))/FLOATP(JPZL)
j =JV.&,1 4~

C-1 IF' (FCONCH-) 62.62.6' 11
012 CALL F'r)ITT L

SCP~NCHj.o
63 F (X(J+13-XCJ)-RZP) 64.79.70 14

64 IF (J+1-JBNDCM)1 65.79.65 4r05QS
65 IFINJEOIT) 68sea.66 4C)6 0

66 00 t7 1=1.N.JEDIT 4,)70
IF (j+e1_jEDIT(II)) 67o7Q*67 4'18~C

F67 CONTINUJE 4 ';40
6p Zý-!NV=1./(ZMCJ+1)+ZM(J+2,) 1o000

V(J+I)UIV(J+1)*ZMCJ+1)4V(J.2)*ZM(J+2))*ZMINV -7010
E(J+I):((+I*mJ.1MJ1+J.)*ZM.2)ZJ.2))*ZM NV 1021)
DEN= I.*/V CJ+I .1)2
CALL ECST CECJ+1)eCENsP(J.1.)%M )4
UA=(ZM1J)*U(J)+-M(JI)*(U(J)+LD(J+1)) )/(ZM(J)+2.*ZMWCJ+1)I )ý;
Z'YC Z!A( j+3) +2.**ZM(CJ*2) 50O60
IF CZMC) 69,70.60 -.)070

oc') LF=C7m(J+3)*U(J+2)+7m(J,2)*(U.,(J+2).UCJ+1)))17MIC 5
C-C TC 71 -q

70 uq=.7 . 100
71 ZM,(J+ )ZZN4 (J+ I+ZM J+2) 31 t

Cf J~ 1(Of + 140 CJ+2 ) / *051,20
CJ+1:(CS.J+)+C$J.2).~'.O IJO

U ( J) =IUA :5140
U(J+1IzXUn 5150
xcJ. )=XfJ+2) - I 60
JX=J+2 '17c)
00 72 J~zJX.JFINS 1~
XCJC)*X(JC+1)1 o
Ut.JC)=U1JC+I) 0
7MCJC)=7'A(JC+1) 2 0
V CJC) :V C +. ) i2
E(JC)zE(.JC+1) 2
0 CJC I 0( JC+ 1) -L40
r.CJC)=0(JC+1) 32
CS(JC)=C.C(JC+I)
COTIU -)c 7C
JF'I N=JrIN-I
IPCNJC')ITI 76.76.73-

IF CJ-Jr,.'IT(CI)) 74.7a,7A

49
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J -'.'AX= JDVAX- I a

J;'LC=JPLC-1 J e~c

7p 7P714 77 27

:%T' jLLAP~-' 3b 4120

I, (J-4 JOLCV) OPo,14 5440

nn TOJ~4(~I 63 .1490

4 :Jl-'=TN0-JF1N 5500
%0,7z% 5 10

=',I NT I IT I .E.9N,..jq 4j A C - c2 0

106



EDIT SUelOUTINE FP~O THC "ýF HYDRODYNAMIC CODE 5L
SQIIQOUTINE EUIT :s

COMMON Cl-( 5 C0)CI.CSP1(61CUSP(6)*CUSPC(6,.CUSPDI6).CUAJG(
6 ), 11

ICU'~PS(6! .315CCTt !2 hoE(5 0 *EQSTC(6I.EOSTD(6).EOSTE(6,.EQSTGt t.64!0
.ý, .-'4.T(6) .E~iTN(6 .FOSTScG ,JeND(67 ,JEDIT 10) .JOPG 10) .MATLC6I .N ne.3c

) o7 (!-,Z: S650

r0OPi.TC HC6X.5HCYCLCX.T!M8X.MEX4DTNH7X,5H.)STAP7X,5.-JPMAX8x.AHPMA
IX6X,6HXJOMAX5Xe7HNIVOULSE6X.6NMVFPEC4X,8HMOMENTUM,2X. I 102EI2.4.

4 21 1,')

0,INARY DLATA STORAGL

lr(EC~o6) Sa4
WPITC TADE 6.(JX(J1,U(J),PcJ1.O(J).EcJ1.V(JoS()CcJ2t,,=,Jý-AR~Di

0o'Ar:f 6*N
rC r N'- 16,4- NEt- 06 AT C YCLr: I )0
L %N F IL- 6 =960

04kj!ET1 ?145 5880O
CrC TO 3 80

MOMENTUM AND ENERGY CALCULATION -1

3 0
E'.1VmCS= :j40

EKSU*A= . '5')6 -

JCTAQ1 =jýTAr.+I ý70
IM. I J=2?.JSTAPI 1la

EVNFGC,"VNFG+FN*V (10! C
CC TO 1:' 60--C

OCN4TINUF 0'
"."mAr¾'+E ( J) *ZMv ( J 1/4 a 1 86F7 6050
CR 1.J47(J I U (J) +U (J- I1 **2/4 186E7/8~3 6060

Ii CNT INUF7 f,070
,:lTALzrruMEK-lUM e.)0 )

VP =? ý 10:.
"VC:L=ý''VrL + (J%) -9!ý* 1M JM I 7M ~l)6110

13 J*-0'AX 16.14.14 8130
IF (UJ"-1)) l~s)I5, 61430

I F-1 6ij 1 43



GC TO 12 b160
16 J*.IaJpmhi+4 6170

ZlIV018".61140

l~ol,'#0 6Z10

TO I?

IVP l-ý'%PL+,NV -

A) Z. bO

PP1NT OUT~oT VAPIAM'LEe ble~70

JNi0? JmJo; Z) b-'100

6:330

.1 PETVrýN 6:160

E ND 6 37

C9,
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LJJU&TIONJ OF STATE SU-QIjTiNý FOP' Tt-E PUFF !YOPOrDYNAMIC COOL
SuB"-ouTINEF OST (EI@F;*PZ.*6.W)

z 6400

3Z(2,- qnc5oo~ ,PMI rN(e.) tj(500) mR~H0(6) *Q7e20) oTLZ T (2!: *U(t3OO) oV('-..6O) v 4

2 T fCDE.7 ý

-.4

:V2-7r(1) /D II

Tc'=r% (Z~ t pSM*CIA)+CU(EO (M) )*APG4-CMV SPPTi F*~ CCNU

P- *7'' 3I w) ,II rS P U.c

-'NF-WAVE= SCLIm!0 CUATION
* ,,,~crM~tA. rr~er~t A.,t M,.f~c~~ft ... rA.70

I

llýBes Avahb' Copy o"3

TcL= )*A (-,+ vSPC V) )A;ZC -,1
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AFWL-TR-65-24

APPENDIX 7IX

TEST PB l ... .
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M/WAT L(1)
10 MATL I

DX TIME R RZ- RZ(3)

28814 82 281

7 8
,E(1s uý T (6) EE(l)

6 O0

NOE (1) NOE (2)

II
ilH 7

4 ANGLE
0.

3 NBB NRZC NMTRLS JR.L J7PUL NPRIN TAPE
1 3 2 ICO 40 25 25

2 1S CPT (1), •.I 10
2 w TEST PROBLEM NO 1 *** TWO MATERIAL *-.* ARBITRARY SPECTRUM

TABLE DECK FOR PROBLEM I

/ NHNU NTEOT NJEOIT L02HIE
/<9 0

5C



DOE . AA(214) 8(2,4) EDGE(24) AA(2.5) B(2,5) EOGF(2,15) AA(2.6)
A2 .132+1 0,951~ 2 -1-984 4.958+1 1723+2 -1,562 6.1.98+1 2.793+1

21 A (i-8V4 G(2) A(22 (22 DE(2,2) AA(2,3) B(,
21 :.?6 2 2 1 59 .535+4 -2 ý8 3-099+1 3161+3 - 2 32

31( CU1 2 CU.PC(2 CUPX USPG(2) CUSPS(2) '
20 0. 0 0. 0 0ý 0.

19 2 EOSTC(22) EQSO2 E(2) EGSOW ESTN(2) EOST5{2) PM~IN(P
2.699 85+11 -1.232+12 1,22+11 2.04 .25 0. -6. +2

18 MATL 2u"'99__

150+2

/ A(1 1 (1,9) MGMEJ,% AAQUjO) B(1,1) EMUM(,f AA(1,11) W(1,1 1)1
16( 1.7121 -5.565-1 4.968+1 ?S40-1 -3.529&-l 6.198+1 5.8W27-1 -2.9836-.L

a ll 6) 150fi1$) AA(1,7) $(1?) EDOE(117) AA( 1 8) -9(1 8) EDGEa,s)
15 J. 59ý 247v+l 1,4021+1, -1.18S3 5.099+1 3.30S5 -7,4224-1 4.132+1

~E ,3) AUa 4 l 1F4 ED=E1,4) AAO15 ( )EGE(15 Iý
14 12396+1 21259+ 2 -2.0&ý4 1,5495+1 225 ~2 .05ý39 2.066+ 1 5850+1'

AA(l,1) 8(1 1) EDGE(1,11 A t(1,2) Sf(' 2) EDGELI,2! IAA(1,3) B(I 3)
13 6 565+2 -2,8569 1.870-1 6.612+2 - .9511 2.640-1. 178+ 3 -2.8598

CUSPII) rsPA~l) C pco) COM 1 EM 1 u a Cu
2 0. 0. 0. 0- 0. 0.

RH (1) EQSTC(l) EQSTDW) EQSTE(1) EQSTSO EQSTH(1) EGSrS(i) PMIN(JJ
2.2 2.513+11 1.668+11 759+10 75 .25 1.7"+13 -1.+ 9
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/" JYCS- NTEST

25 e 250 30

CKP TS
24 1.0 2.- 6

/

23( -1 121 8.264+1 2 501 -5876-1 150+2
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2E115.7 TUY.Y

T•L(I)Li(1) T# (J

0 ,5972893T 00 0.
0.7712318L 00 0. 2

0.1004823E 01 0. 4
0.1097018L 01 0. 5
U.1179999E 01 0. 6
0.1256234L 01 0. 7
0.1327283L 01 0. 8
0.1394228E 01 0. 9
0.1457829L 01 0. 10
0.1518656L2 01 0. 11
0.1577137L 01 0. 12
0.1633631E 01 0. 13
0..L'88417E 01 0. 14
0.1741D01E 01 0. 15
0.1793693L 01 U. 16
3.1844536L 01 0. 17
'J.1894372L 01 0.50267901'-30 18
0.1943309L 01 0.9455565L-28 19
0.1991455S 01 0.101i5647E-25 20
0.?0389001, 01 '. .6780110E-2 4 21
0.20857281 01 0.3002525E-22 22
0.2132004L: 01 0.9325856E-21 23
0.2i77796L 01 0.21271231-19 24
0.22231511 01 0.37011496E-18 25
0.2268135L 01 0.50780591'-17 ?g
0.2312798L O 0.56456691,-16 27
0.2357167E 01 0.5202916E-15 28
0.2401296L 01 0.40582281E-14 29
0.2445216L 01 0,2725063E-13 30
0.2488976E 01 0.1600093E-12 31
0.2532594L 01 0.8319149L-12 32
0.2576116E 01 0.3876429E-1i 33
0.26195731E 01 0.1635183L-10 34
0.26C2981L 01 0.6297824L-10 35
0.27)6380E 01 0.2233014L-09 36
0.2749789E 01 0.7338907E-09 37
0.2793255i2 01 0.2250884L-08 38
0.2836786L 01 0.6475984E-08 39
0.2880413E 01 0.1756749L-07 40
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ThL( I) EIti) ILL, J.L !

C..2OO806b). dJL 0 l lnon n(3

V, 3U b 01 i el b73L I-.- 1.4

U bU;1 iL U. j i5 u, L4

O.31909C L di 0.00).12 344691-7S
""Ci Dl:• f 0 S}, , 4

0. 3230 4 6L 01 O.98(33331-OS 14

0.3281714L 01 0.18S0221i--04 49

O. 3327763L ,l . 3374433L-04 50
0.3374200L 01 0.5992323'L-04 01
0,3421056L 01 0.10378391"-03 5?

0. 34(38368L 01 0.17558741:-03 53
0. 351H,17WE 01 0.2900129i;-03 54
0. 35;4503K 01 0.4711179L-0.3 b5

E. 3013382L L 01 07,890'0891:03 S6
0 3 bt, 2,.S,9L 01 0,116b7 85i -0 2 5,7

7' 2972h 01 0. 179264011-02 58

u. 37C37721" 01 0.2704 87 4•.-2 09
0.3815276L C 1 ;I.14O7T0 8. -) U 0
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Research and Technology Division
AIR FORCE WEAPONS LABORATORY

Air Force Systems Command
Kirtland Air Force Base

New Mexico

6 July 1965

ERRATA

AFWL TR-65-24 THE PUFF AND P PUFF COMPUTER PROGRAMS
Unclassified report, March 1965

When the P PUFF Fortran listing is updateo with
the Addendum changes, JPMAXI must be added to
each of the COMMON blocks.

On page 18 the 5th variablc defined should read
NRZC instead of NRZ.

Authority:

RALPH H. PENNINGTON
Lt Colonel, USAF
2 July 1965

C. W. HAIG
Chief, Reports and Data Branch
Technical Information Division
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Air Force Systems Command
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New Mexico DCARA E

28 May 1965

ADDENDUM

AFWL TR-65-24 TMIE PUFF AND P PUFF COMPULTrER PROGRAMS

This addendum is to notify users of recent improvem-nts and changes to
the PUFF and P PUFF programs and to correct two minor discrepancies in
AFWL TR-65-24.

The improvements are related mostly to REZONE and should help to improve
pulse resolution in poorly zoned problems. The major changes are found In
the Equation of State Subroutine. The solid phase equation of state is now
fit to raw hugoniot data.

These additions will affect the solutions to the three sample problems
sligýhtly. If one wishes to check the code conversion to his computer, we
suggest adding the following changes after the initial conversion has been
checked.

On page 23, delete the firs,' statement past statement number 17, SSCKl.I

On pawe 24,delete statement number 53 and substitute the following
three statements:

GO TO 531
53 SSCK-1.

531 DTN=DrNh

On page 31. change the first statement before statment number 2,

IF(JPMAxX-JZPUL-JRZL-JPMAXI) 87, 87, 2

to read

IF(J*MAX-JZPUL-JPMAXI) 87, 87, 2

Ot page 33, delete statement number 50 and one statement past, JRZV=I
and MRZ=I. Number the next. statement, JFINO=JFIN, 50; 50 JFINO-JFIN.

Change the second statement on page 34 to Mel .

On page 34, delete the first statement past statement number 52 and
substitute the following four statements:



IF(TIME-SDUR) 520, 530, 530
520 KRZ-l

GO TO 53
'30 IF(JPLC-JV.-JRZL) 53, 53, 60

On page 34, enange the flest statement before statement number 56 to

read

IF(JPLC+I-JBND(?M)) 57, 56, 56 •

On page 35, delete the second statement past statement number 86, NRZ"N,
end substttute the following three statements:

IF(JPMAxI) 860, 860, 870
860 JPMAXI=o
870 NRZ-N •

On page 38, change statement number W and one statement past to xead

7 TS2- (CUSP1 (M)+( (CUSPS (M) 0AG4 CUSPD(t)4) )ARG
÷CUSPC(M))*ABG)*(l.-(ctEPG(M)* xeJ)/2.)

PI=TS2+CUSPG(M) D*El,

and change statement number 8 to read

8 TS2 = ((EQ•STS(M)'EMU+EQSTD(M) )'EMU+EOSTC(M))
*EMJ((l. -(EQ0TG(M) *EMU)/2. ) •

On page hi, delete statement number 20 and substitute the following
three statements:

20 IF(N-1) 200, 203, 210
200 JPMAXI=JFMAX+ 10
210 IF(J-JSTAR) 22, 21, 21 •

On page 44, change the second statement post statement number 31,
NRZ.-50, to read NRZ=50.

On page 46, change the first stetemenL before statement r. tmber 2 to
read

IF(JMAX-JPMAXI) 85, 85, 2

On page 48, change the first statment blfore statement 54 to read

IF(JPLC+i-JBND(O'9))55, 54, 54

On page 50, delete the first statement past statement number 84, NRZ-N,
and substitute the following four statements:

JPMAXInJPMAXI-J1RZ
IF(JPMAXI) 840, 840, 850

840 JPMAXIu0
850 NRZ-N



On page 53, delete the first executable statement, ENUtD/RHO(M), and
substitute the following five statements:

IF(El) 10, 10, 20
10 E1-0.

GO TO 9
20 ENU=D/RIO(M)

Also, there arez two more changes on page 53. Statement number 7 and one
statment past are changed to

7 TS2-(CUSPI(M)+((C!USPS(M4) AR(CCUSPD(M))*ARG
+ cusPc(M) )"ARo) ( .- (JSP(M) • EMU)/2.)

P1=TS2+CUSPG(M) DEI.,

and statement number 8 is changed to

8 TS2-( (EQSTS(M)"EMU+EQSTD(M) )*EMU+EQ$TCfM) )EMU((l.-(EQýSTG(M) 'EMu)/2.).

This addendum has been reviewed and is approved.

RICHARD N. BRODIE
Captain USAF
Project Officer

RALPH H. PENNINGTON WILLIAM H. STEPHENS
Lt Colonel USAF Colonel USAF
Chief, Theoretical Branch Chief, Research Division
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